The reaction of phenylhydrazine with a sugar dialdehyde in water, as a key step for the synthesis of the 3-amino-3-deoxy-Dglucose moiety contained in kanamycin, has been revisited. Structural studies (IR and NMR as well as a simple theoretical model based on energy-minimization calculations and MD calculations) reported herein support the observed stereo-and regioselectivity. Efforts to improve the reproducibility and viability of the process as part of a convenient approach towards fluorinated kanamycin are also now presented.
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However, they are nephrotoxic and ototoxic in some cases, thus limiting their use. Kanamycin is a representative member of the aminoglycoside antibiotic family that shows multiple therapeutic applications and contains a 3-amino-3-deoxy-D-glucose moiety as a structural unit (Scheme 1).
In general, substitution of an OH group by a fluorine atom is an important resource in medicinal chemistry. 2 In addition to the bioavailability issue, the fluorination of bioactive molecules can increase their biological activity and improve their lipid permeability and metabolic stability. Furthermore, it is known that the presence of fluorine in the carbohydrate moiety contained in aminoglycoside antibiotics reduces their toxicity, especially when the fluorine atom is adjacent to the amino group. Among a large number of strategies or agents to introduce fluorine into carbohydrates, diethylaminosulfur trifluoride (DAST) is commonly used for the direct replacement of a hydroxyl group by fluorine under very mild conditions. 3, 4 With the aim of developing a potentially efficient route to fluorinated kanamycin, we set out to synthesize the 3-amino-3-deoxy-D-glucose moiety and study its subsequent fluorination with DAST at position 2. Therefore, as a previous step of kanamycin synthesis, the formation of 3-amino-3-deoxy-D-glucose from commercial available products has to be carried out. Condensation of phenylhydrazine with the sugar-derived dialdehyde 2 in water, as a key step, has been used 5 as an elegant and simple synthetic strategy (Scheme 1). We have revisited this process and we report herein new structural NMR and IR data of compounds 2 and 4 as well as a simple theoretical model for explaining the result of the key condensation process. In addition to this, we describe novel improved reaction conditions and our recent progress toward 2-fluorinated 3-amino-3-deoxy-D-glucose.
The synthesis of methyl 4,6-O-benzylidene-3-deoxy-3-phenylazo-α-D-glucopyranoside (4) was carried out in water by using phenylhydrazine. 5 It has been proposed that, in aqueous solution, an equilibrium (Scheme 2) exists between the dialdehyde 2 and the hemialdal 3, obtained by periodate oxidation of methyl 4,6-Obenzylidene-α-D-glucopyranoside (1). This reaction was carried out for a week at room temperature ( We have performed IR spectra of compounds obtained by using both methods (Scheme 2, Table 1 ) and we did not observe a carbonyl absorption (ca. 1600 cm -1 ) in either case. This indicates that the periodate oxidation product of compound 1 has the structure of the hemialdal 3. Furthermore, the product obtained by the periodate method showed 1 H NMR and 13 C NMR spectra (in DMSO-d 6 ) with no signals for the aldehydic protons nor carbonyl carbons, respectively. This information reinforced the hemialdal structure 3 assigned to the periodate oxidation product of compound 1, not only in the solid state as deduced from the IR spectrum, but also in solvents other than water, since the equilibrium between 2 and 3 occurs only in aqueous solution.
Therefore, we used D 2 O as the solvent for recording the 1 H NMR spectrum of compound 3 under presaturation conditions; in this case, the aldehydic proton signal was clearly observed at δ = 9.97 ppm. Analogously, the aldehydic carbonyl signal appeared in the Next, we have investigated the condensation reaction of phenylhydrazine with dialdehyde 2 to obtain compound 4 (Scheme 3). We have tried different reaction conditions as indicated in Table 2 .
Under the conditions studied, the results were not reproducible. Regarding compound 4, the best results were obtained using conditions A and E ( Table 2 ). 7 From the 1 H NMR spectrum we realized that the crude product obtained under conditions A (Table 2 ) was a 3:1 mixture of compounds 4 and 4a. The presence of both regioisomers could be inferred from the two diagnostic signals for the anomeric OMe groups at δ = 3.50 and 3.52 ppm, and two singlets corresponding to H-7 of the benzylidene groups at δ = 5.77 and 5.74 ppm.
Recrystallization of the crude solid product obtained under conditions E (Table 2), 7 which was carried out under argon atmosphere and absence of light, afforded highly pure 4. Its 
Nevertheless, compound 4 [R f = 0.88 (49:1 CH 2 Cl 2 -acetone)], was unstable, and its rapid decomposition into products of lower R f was observed by TLC. Additionally, the low yields obtained for this compound could be explained by a competitive acid hydrolysis of 2 at the anomeric position in the aqueous medium to give 2,4-Obenzylidene-D-erythrose and glyoxal, which subsequently reacted with excess phenylhydrazine to afford glyoxal bisphenylhydrazone 5 (Figure 1 ). This compound, a useful product as promoter for metal-catalyzed cross-coupling reactions, 8 was isolated in most conditions (conditions B, C, and D, Table 2 ) as an orange solid and identified according to the literature. To justify the higher proportion of isomer 4, we used a simple theoretical model with ChemBio3D and Discovery Studio 3.1. First, we applied an energy-minimization calculation using MM2 field force. Aromatic stacking interactions are widespread in nature, generally in biomolecules (e.g., DNA). In this context, two aromatic residues are considered to interact if the distance between phenyl centroids is less than 7 Å. 9 From our calculations, a stacking interaction between the two phenyl groups present in the molecule of 4 was indicated (Figure 2) . By using the same conditions to minimize energy, we observed an increased theoretical energy in the isomer 4a, since the additional stabilization (-12.1 kJ mol -1 ) of an aromatic stacking interaction is not possible in this case. Additionally, molecular-dynamics calculations 10 were performed for isomers 4 and 4a. In our simulation, the target temperature was held at 300 K, and the step and frame intervals were 2.0 and 10 fs, respectively. With this information, we could build a model for isomer interaction to check that aromatic stacking is not broken (Figure 3) . Crude compound 4 obtained under conditions E (Table 2) was reduced in MeOH by hydrogen in the presence of Adam's catalyst (PtO 2 ) to give methyl 3-amino-4,6-O-benzylidene-3-deoxy-α-D-glucopyranoside (6) in quantitative yield pure enough to be used for further transformation, but too unstable to be purified by column chromatography (Scheme 4).
Scheme 4
Prior to the 2-OH fluorination of compound 6, we considered the possibility of selective protection of the 3-amino group by acetylation under the mild conditions described by Sharma et al. 11 for related compounds. Under these conditions (Ac 2 O-EtOH, 0 °C, Scheme 4), only trace amounts of the 3-acetamido compound 7 were obtained along with the 2,3-N,O-diacetate 8 in poor yield (15%). Moreover, conventional acetylation in Ac 2 O-pyrdine of compound 6 also turned out to be ineffective, with 8 being isolated in 20% yield. All these compounds presented characteristic 1 H NMR features; the anomeric protons displayed a coupling constant 3 J 1,2 = 4.5 Hz, in agreement with that expected for α anomers, and a singlet was observed at δ = ca. 4.5 ppm corresponding to the anomeric OMe. While these reactions constitute a highly stereo-and regioselective route toward aminoglycosides that can be considered an example of a green chemistry strategy 12 the lack of reproducibility and low yields made it necessary to seek alternative synthesis routes to 3-amino-3-deoxy-Dglucose 13 (Scheme 5). Accordingly, hydrolysis of the diacetal 9
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(HCl-MeOH, reflux, 7 h) followed by the conventional protection of the 4-and 6-OH functions as a benzylidene acetal gave the anomeric 2:1 mixture of 10/11, whose spectroscopic data were identical to those previously described in the literature. 13a After separation by column chromatography, the major α-D-anomer 10 was dissolved in MeCN and treated with DAST under reflux for six hours. Workup and purification by column chromatography on silica gel led to the desired pure 2-fluorinated compound 12 (25%), 15 along with a diastereomeric mixture of rearranged, ring-contracted products 13 and 14 (63%) 4 and unreacted starting material 10 (9%). Compound 12, having the backbone of an important moiety of kanamycin and a fluorine atom at C-2, presents a suitable feature to potentially reduce the toxicity of this aminoglycoside antibiotic. This compound has a latent amino functionality, the azide group, reduction of which would lead to the desired amine after hydrolysis of the benzylidene group (Figure 4) . The azide group could be readily reduced with hydrogen in the presence of Pd/C catalyst or by Staudinger reaction with triphenylphosphine, and the benzylidene group could be hydrolyzed in a mixture AcOH-H 2 O (7:3) 17 or p-toluenesulfonic acid. 18 In summary, the aqueous condensation of phenylhydrazine and the dialdehyde obtained by periodate oxidation of methyl 4,6-O-benzylidene-α-D-glucopyranoside (1), described in the literature as an elegant and easy synthesis of the corresponding 3-amino-3-deoxy derivative 6, has poor reproducibility in our hands. Spectroscopic studies and a simple theoretical model based on energy-minimization and molecular-dynamics calculations support the stereo-and regioselectivity of the process in favor of the 3-phenylazo isomer 4. In view of our unsuccessful efforts to improve the reproducibility and viability of this approach toward fluorinated kanamycin, we present the preparation of fluorinated precursor subunit 12 starting from commercially available diacetone-D-glucose, via the 3-azido-3-deoxy derivative 9. 
